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RESEARCH MEMORANDUM 


FLIGHT TEST RESULTS OF ROCKET-PROPELLED BUFFET-RESEIARCE 
MODELS HAVING 45° aJEPTBACK WINGS AND 45° SWEPTBACK 
TAILS LOCATED IN THE WING CHORD PLANE 
By Homer P. Mason 


SUMMARY 


Three rocket -propelled bTaffet-research models have been 
tested to determine the buffeting characteristics of a swept-wlng- 
airplane conf igiaration with the horizontal tail operating near the wing 
wake. The models consisted of parabolic bodies having 45° sweptback 
wings of aspect ratio 5*56, a taper ratio of 0.5^ NACA 64A007 airfoil 
sections, and tall surfaces of geometry and section identical to the 
wings . Two tests were conducted with the horizontal tail located in the 
wing chord plane with fixed incidence angles of -1.5° one model and 
0° on the other model. The third test was conducted with no horizontal 
tail. 


Results of these tests are presented as incremental accelerations 
in the body due to buffeting, trim angles of attack, trim normal- and 
side-force coefficients, wing-tip helix angles, static-dlrectional- 
stability derivatives, and drag coefficients plotted against Mach number. 
These data Indicate that mild low-lift buffeting was experienced by all 
models over a range of Mach number from approximately 0.7 to 1.4. It is 
further indicated that this buffeting was probably induced by wing-body 
interference and was anplified at transonic speeds by the horizontal tail 
operating in the wing wake. A longitudinal trim change was encoimtered 
by the tall-on models at transonic speeds, but no large changes in side 
force and no wing dropping were indicated. 


INTRODUCTION 


Recent designs for hi^-speed airplanes incorporate very low 
horizontal-tail positions. Since tail surfaces located near the wing 
chord plane operate in or very near the wing wake at low angles of attack, 
a knowledge of the effects of wing wake on tail buffeting at transonic 
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speeds has become important. The tests reported herein were conducted 
to determine the low-lift bxif feting characteristics of an airplane con- 
figuration having a 45° sweptback tail located in the chord plane of a 
45 ° sweptback wing. 


SYMBCCLS 

A cross-sectional area, sq_ ft 

Aa^ increment of normal acceleration due to buffeting (both 

positive and negative about mean line), g imits 
> 

AB 43 increment of transverse acceleration due to buffeting, 

g units 

b wing span/ ft 

“c mean aerodynamic chord of wing, 1 - 5^8 ft 

I 2 ; moment of inertia about Z-axis, approximately 8.1 slug-ft^ 

i^ horizontal -tail incidence, deg 

L length of body, ft 

M Mach number 

period of yawing oscillation, sec 
p rolling velocity, radians/sec 

pb/2V wing-tip helix angle, radians 

q dynamic pressure, Ib/sq ft 

R Reynolds mmiber based on wing c 

S total wing area, 5 •58 sq ft 

V velocity, fps 

a angle of attack, deg 

Cj) drag coefficient, Drag/qS 
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normal -force coefficient, Normal fprc ^ 

qS 


side-force coefficient , 


Side force 
qS 


normal-force -cuxvB slope per degree 


static-dlrectional-staliillty derivative , 
” 5T.5q.SbPz2 

altitude range, 2,000 to 9^000 ft 
altitude range, 10,000 to 20,000 ft 

MODELS 


approximately 


Principal dimensions and geometric characteristics of the test models 
Eire shown in figure 1. Olhe longitudinal distribution of cross-sectional 
area is shown in figure 2. A photograph of a cojiplete configuration is 
shown in figure 5^ and a photograph of a model-booster combination on 
the launcher is shown in. figure k. The fuselage used for these tests was 
the basic body used in the tests presented in reference 1. Wing and tail 
surfaces were of aspect ratio taper ratio 0.3, NACA 64A007 airfoil 

section, and had 45*^ sweepback of the quarter-chord line. All surfaces 
were constructed of laminated spruce with aluminum-alloy siarface inlays. 

Three models were tested which differed externally only in the hori- 
zontal tail, one model having no horizontal tail, one model having 
i^ = CP, and one model having i^ = -1.5° (trailing edge up). The two 

models having horizontal tails- had internal sustainer-rocket motors with 
nozzles machined to provide -2^ thrust Inclination relative to the model 
center line to obtain positive trim angles of attack during sustainer 
biirning. The tali -off model, which had a sustainer with no intentional 
thrust inclination, weighed approximately 117 pounds during the low- 
altitude flight range and approximately 106 pounds during the high- 
altitude flight range. The model with = CP weighed approximately 

98 pounds, and the model with 1^ = -1.5° weighed approximately 
101 pounds- 
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INSniUMEN^TION 


Instrumentation common to all models was as follows: a normal and 

a transverse accelerometer in the body near the tail -root quarter chords 
a normal and a longitudinal accelerometer near the wing-root quarter 
chord, and a standard NACA vane -type angle -of -attack indicator sting- 
mounted ahead of the nose. Transverse accelerometers were installed 
near the wing-root q-uarter chord on the tail -off model and the model 
with i^ = CP. A rocket -chamber pressure pickup for use in determining 
Bustainer-rocket thrust was incorporated in the model having i^ = -1.5^. 

All normal and transverse accelerometers had natural frequencies of the 
order of 75 to 100 cps and 50 to 70 percent critical danqping. 


TESTS 

Ground Tests 


Static firing tests of one sustainer-rocket motor were conducted to 
determine the thrust and the approximate contribution of the thrust to 
the normal acceleration due to the inclined thrust axis. 

Shake tests of each model were conducted to determine natural fre- 
quencies and modes of _vibratlon. The results of these tests are presented 
in table I. The intermediate wing frequencies were recorded by the accel- 
erometers in shake tests of all models but the mode shape was identified 
only on the tail -off model. 


Flight Tests 

Models having horizontal tails were accelerated rapidly to approxi-; 
mately M = O .85 by external booster-rocket motors, and after booster 
separation were accelerated to approximately M = 1.4 by the internal 
sustainer-rocket motors. The tail-off model was accelerated to approxi- 
mately M = 1.5 by a 6-inch AKL Deacon rocket motor and was then allowed 
to coast to approximately M = 0.9 before the sustainer rocket fired and 
accelerated the model to approximately M = 1.4. Only the data from the 
coasting portions of this fli^t are presented, and, where applicable, 
the proper altitude ranges for each coast period are indicated by the 
symbols h-]_ and h 2 - Accelerations, angle of attack, and, in one case, 

rocket -chamber pressiare were transmitted to the ground and recorded by 
using the standard MCA telemetering system. Velocities were obtained 
by using a CW Doppler radar set, flight -path data by using NACA modified 
SCR 584 tracking radar, and rolling velocity by using a spinsonde recorder 
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and tlie telemeter antenna. Atmospheric data were obtained from radio- 
sondes released either just before or just after each fli^t. !Ehese 
tests were conducted at the Langley Pilotless Aircraft Research Station 
at Wallops Island, Va. The scale of these tests is shown in figixre 5 
as the yariation of Reynolds number, based on the wing mean aerodynamic 
chord of 1 . 3 ^ feet, with Mach number for the coasting portions of each 
flight. The variation of free-stream dynamic pressure with Mach number 
for each flight is shown in figure 6. 


Accuracy 

The maximum probable systematic errors in absolute values of a, 

^ instrument calibration ranges are summarized as 

f 03J.0WS : 



M = 0.8 


a, deg 

± 0.5 

± 0.5 


±.02 

±.01 


±.02 

±.01 


±.01 

±.005 


Based on the width of the recorded accelerometer traces and the 
calibration data for the Individual instiuments, it is esti m ated that 
the average minimum buffet ao 5 )litude which could be identified in these 
tests was approximately ■^6.05g* Mach numbers are estimated to be accu- 
rate within approximately 1 percent at supersonic speeds and 2- percent 
at subsonic speeds. Some imidentified vibrations were recorded below 
this level but have not been considered to be buffeting in the analysis 
of these tests. The Values of Ag due to buffeting presented herein 
are the measured values of Ag corrected by amplitude response factors 
ranging from extremes of O .5 to 1.1 in accordance with the birffet fre- 
quencies encountered and the damping characteristics of the individual 
accelerometer -recorder systems. Values of Ag due to buffeting have not 
been corrected for differences in model wei^ts. 


RESULTS AND DISCUSSION 


Results obtained from flight tests of two buffet -re search models 
having 45^ sweptback tail surfaces located in the choard plane of 45^ 
sweptback wings are presented herein for a Mach number range from approxi- 
mately 0.7 to 1.4 and are compared with results from tests of a similar 
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model havijig no horizontal tail. The expressions "tail on", and "tail off" 
as used herein refer only to the horizontal-tail surfaces . ' All coeffi- 
cients are based on the total wing area and wing span. 


Trim 

The trim characteristics of each model are shown in figures 7 to 10 
as the variation of angle of attach . a, normal-force coefficient 
side-force coefficient , and wing-tip helix angle pb/21V with Mach 
number. Trim a and trim are shown for both power-on and power-off 

flight for the tail-on models to show the effects of the inclined thrust 
axis. Longitudinal trim characteristics of the tail-off model were almost 
identical for both coasting portions of flight; hence, only one trim curve 
is shown. Both tail-on models experienced longitudinsLl trim changes as 
the Mach mmaber increased from approximately 0.9^ to O .98 (figs. 7 and 8), 
but no transonic trim changes were experienced by the tail-off model. 

Trim siderforce coefficients, figure 9 ^ indicate that no large 
lateral trim changes were encountered by either of the models tested 
altho\i^ addition of the horizontal tail aippears to have produced some 
small irregularities In Cy between Mach numbers of approximately 0.95 
and 1.0. Wing-tip helix angles, figure 10, indicate that no wing dropping 
was experienced by any of the models tested. 


Buffeting 

Short portions of the telemeter records of normal accelerations for 
the tail-off model and the model having i^. = 0<^ are shown in figure 11 
to illustrate the random character of the b\iffet oscillations recorded 
in these tests. Biaffeting was encountered by all models at trim condi- 
tions in both power-on and power-off flight over the complete test Mach 
number range from approximately O .7 to l.U. Power-on buffet intensities, 
however, are not presented because the contribution of the sustainer- 
rocket-motor shaking to the recorded amplitudes Is not known. Buffet 
intensities measured in both the nonnal and transverse plaines during 
coasting fligdit are presented in figures 12 and 13 as the increment of 
acceleration due to buffeting, corrected for amplitude response, plotted 
against Mach number. Buffet intensities are shown as values of Ag 
rather than as coefficients because of the difficulty of relating them 
to any one surface. Random vibrations were recorded for fi.1 1 models 
between Mach n\ambers of approximately 0.6 and O.T, but are not presented 
because the amplitudes were of the same order of magnitude as the esti- 
mated minimum intensity which could be identified as buffeting. 
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The biif feting, indicated by the accelerometer near the wing root, 
which was encountered by the tail-off model at transonic speeds was only 
about half the magnitude of Aa^ measured on the tail-on models. At 

supersonic speeds, the buffeting encountered by the tail-off model and the 
tail-on model with i-^ = 0^ was of about the same magnitude. The buffet 
data obtained at supersonic speeds for the model having i^ = -1.5° is 
believed insufficient for adequate con5)arison or analysis. Buffet fre- 
quencies experienced by all models corresponded to stinictural frequencies 
of the models, but the intermediate wing bending frequency was predominant. 

The buffeting encountered in these tests is considered very mild 
since the wing loading of the models was only about 20 Ib/sq ft. However, 
at lift coefficients required for effective operation of a full-scale air- 
plane, these intensities mi^t be multiplied several times. The estimated 
value of Cjf for these models is approximately 0.055 at M = 1.4 and 0.08 

at M = 0.8. 

Little significance is placed on the bviffet intensities recorded in 
the transverse plane, figure 13 , because it is not known whether these 
vibrations were due to aerodynamically induced loads in this plane or to 
st27uctural vibrations induced by buffeting in the normal plane. 

The buffet intensity at transonic speeds, as indicated by the wing- 
root accelerometers, was increased appreciably by the presence of the 
horizontal tail (fig. 12). Since buffeting occtirred on the tail-off 
model, it appeals that the primary buffeting occurred ahead of the tail 
surfaces and was amplified by the tail operating in the wing wake at tran- 
sonic speeds . 

Data from references 1 and 2 indicate that Y-P^^rcent -thick surfaces 
swept back 45° probably would not experience low-lift buffeting. Refer- 
ence 3 indicates that even much thicker surfaces should not experience 
low-lift buffeting above approximately M = 1.0. Thus, it is believed 
unlikely that the buffeting encountered in the present tests was due 
only to thickness of the lifting surfaces. 

Reference 4 shows pressure pulsations, believed to be indications 
of buffeting, on a two-dimensional NACA 64A006 airfoil section at low 
lift coefficients from approximately M = 0.5 to the test limit near 
M = 1.0. These pulsations were more severe and covered a wider Mach num- 
ber range than similar pulsations on an NACA 65AOO6 airfoil section. 

Thus, it appears that the 64A-series airfoil sections used in the present 
tests may have worse buffeting characteristics than the 65A-series air- 
foil sections of the free-fllght tests of references 1 to 3* Althou^ 
it does not seem probable that low-lift buffeting due to section charac- 
teristics would extend much above M = 1.0 (refs. 1, 3, and 4), it can- 
not be definitely stated at this time that the buffeting encountered in 
the present tests was not due to airfoil- sect ion characteristics. 
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As previously stated, the predominant buffet frequency encountered 
by all models corresponds to the intermediate wing bending frequency. 

This frequency, see table I, represents a mode of vibration in which the 
only node lines are located outboard of the 0.5 wing semispan and the 
body is at the position of maximum wing deflections. Thus, small forces 
on or near the body or on the wing tip could readily excite vibrations 
in this mode, and accelerometers in the body would measure the accelera- 
tions resulting from the vertical movement of the body. Ordinarily, when 
buffeting is induced by airfoil-section characteristics, the region of 
separated flow over the siArface is fairly extensive and excites a first 
bending structural mode. The fact that this intermediate mode was excited 
indicates that the distiurh^ce was probably on or near the wing -body junc- 
ture. It is thought that an interference separation phenomenon may exist 
in this region as a resiilt of the maximum thickness of the wing root lying 
very close to the maximum body diameter. 

It is believed, therefore, that the bvif feting encountered in the 
present tests was probably caused by Interference at the wing-body jimc- 
ture, and that this buffeting was amplified at transonic speeds by the 
horizontal tall operating in the wing wake. Data from these tests, how- 
ever, are insufficient to determine the characteristics of a tail oper- 
ating in the wake of an aerodynamicsG.ly clean wing-body combination. 


Unidentified Vibration 

An extremely large anrplitude vibration of regular nature occurred 
doorlng supersonic coasting fli^t of the model having 1^. = -1.5° at 
frequencies which varied from approximately 170 ops at M = 1.4 to 
approximately l40 cps at M = 1.0. This vibration was recorded by both 
normal accelerometers and by the angle-of -attack Indicator, but has not 
been identified and did not occur on either of the other two similar 
models. Note, however, that this model had a considerably lower wing- 
second-bendlng frequency than either of the other models, table I. It 
is felt that the large amplitude vibration experienced in this test was 
some nondestructive flutter mode. 


Static Directional Stability 

Static -directional- stability derivatives were calciilated from 

random small yawing oscillations of the test models and are plotted 
against ]^ch number in figure l4. A decrease in stability with Mach 
nmber at supersonic speeds is indicated. 
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Drag 

Total drag coerf icients for the tail-off model and for the model 
having = 0° are plotted in figiare 15 against Mach numher. Also 
shown for con^arison is the drag-coefficient curve for the "basic body 
alone as estimated from the data of reference 5- It may be seen that 
the addition of the wings of the present tests to the basic body reduced 
the drag -rise Mach number approximately 0.05. Supersonic drag coeffi- 
cients for the tail-on model were approximately 10 percent greater than 
those for the tail-off model. 

The longitudinal distribution of cross-sectional area of these 
models is shown nondlmensionally in figure 2 as the area at a given sta- 
tion divided by the square of the body length plotted against body sta- 
tion. It is of interest to note that the ratio of the drag rise with 
tail off to the drag rise with tail on is almost identical to the ratio 
of the maximum value of A/L^ at the tail. 


CONCLUDING EEMARKB 


Flight tests have "been made of two rocket -propelled buffet-research 
models having 45° sweptback tail surfaces moimted on parabolic bodies in 
the chord plane of 45° sweptback wings and of one similar model with no 
horizontal-tail siirfaces. The results indicate that low-lift buffeting 
was induced over a wide range of subsonic, transonic, and supersonic 
Mach numbers, probably as a result of wing-body interference when the 
wing maximum thickness was located near the maximum body diameter. This 
buffeting was apparently amplified at transonic speeds by the horizontal 
tail operating in the wing wake. A longitudinal trim c h ange was experi- 
enced by the tail-on models at transonic speeds, but no large lateral trim 
changes and no wing dropping were indicated. 


Langley Aeronautical Laboratory, 

National Advisory Committee for 
Langley Field, Va., August 


Aeronautics, 
26 , 1955. 
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Figure 1.- Principal dlmenBlone and geometric characteristics of test 
models. All dimeDSlons are in Inches. 
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FigTore 5-- Photograph of complete configirration. 
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Figure i<-.- Photograph of tail-off model-booster combination on launcher. 
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Figure 5»“ Variation of Reynolds number, based on wing mean aerodynamic 

chord, with Mach number. 
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Figure 8.- Vajriatlon of trim normal-force coefficient with Mach number 
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Figure 9 *~ Variation of trim side-force coefficient with Mach mmiber 

dinring power-off flight. 
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Figure 11.- Portions of telemeter recards of normal acceleration during 

buffeting. 




Figure 12.- Variation of normal "buffet Intensity with Mach nvmiber during 
power-off flight at a wing loading of approximately 20 Ib/sq ft. 
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Page 26 : Figure I 5 should be replaced by the following revised figure I 5 . 
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Figure 15. -Variation of drag coefficient, based on total wing area, 

with Mach number. 
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